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PREFACE 

The u.s. Department of Transportation, Research and Special Programs Administration, John A. Volpe 
National Transportation Systems Center ry olpe Center), Acoustics Facility, in support of the Federal 
Highway Administration (FHW A), Office of Natural Environment, has developed the updated "FHW A 
Highway Noise Barrier Design Handbook." This document reflects substantial improvements and changes 
in noise barrier design that have evolved since the original 1976 publication. This Handbook, which is 
accompanied by a videotape and a companion CD-ROM, addresses both acoustical and non-acoustical issues 
associated with highway noise barrier design. 

The objectives of this document and accompanying video and CD-ROM are to provide: (1) guidelines on 
how to design a highway noise barrier that fits with its surroundings and performs its intended acoustical and 
structural functions at reasonable life-cycle cost; and (2) a state-of-the-art reference of common concepts, 
designs, materials, and installation techniques for the professional highway engineer, the acoustical and design 
engineers and planners, and the non-professional community participant. This handbook may also be used 
as a guide for other applications such as noise barriers used to attenuate noise from rail lines, as well as noise 
from other sources which are not necessarily found in transportation. Every effort has been made to address 
common designs, materials, and installation techniques. However, it is impossible to encompass the 
proliferation of new concepts and materials entering the market on a daily basis. Therefore, the specific 
descriptions in this handbook are not to be considered all-inclusive, and are not intended to limit the 
creativeness of the designer, manufacturer, and construction contractor. Any new theory, design, material, or 
installation technique not addressed in this handbook should be evaluated with the general fundamentals of 
durability, safety, and functionality in mind. 

ill 
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1. INTRODUCTION 

The u.s. Department of Transportation, Research and Special Programs Administration, John A. Volpe 
National Transportation Systems Center 01 olpe Center), Acoustics Facility, in support of the Federal 
Highway Administration (FHW A), Office of Natural Environment, has developed the updated "FHW A 
Highway Noise Barrier Design Handbook." This document reflects substantial improvements and changes 
in noise barrier design that have evolved since the original 1976 publication.! This Handbook, which is 
accompanied by a videotape and a companion CD-ROM, addresses both acoustical and non-acoustical issues 
associated with highway noise barrier design. 2,3 

Section 1 presents a general overview, a historical perspective, and the objectives of the handbook. Section 2 
presents definitions of terminology used throughout the document. Section 3 describes the acoustical 
considerations of highway noise barrier design, including a brief discussion on noise barrier performance. 
Section 4 presents noise barrier types, their descriptions, and special features. Section 5 describes noise 
barrier materials, including barrier surface texture treatments. Section 6 discusses noise barrier aesthetics. 
Section 7 describes the drainage and utility considerations associated with barrier design. Section 8 describes 
the structural considerations associated with barrier design. Section 9 describes the safety considerations 
associated with barrier design. Section 10 details the product evaluation process. Section 11 describes the 
installation considerations associated with barrier design. Section 12 describes the maintenance 
considerations associated with barrier design. Section 13 describes the cost considerations associated with 
barrier design. Section 14 presents the typical barrier design process. Section 15 describes how to assess a 
barrier's effectiveness, including performance, costs, and community acceptance. Section 16 describes the 
various tools and information sources that are available to aid in the design process. 

1.1 Background 
Highway traffic noise has been a Federal, State, and local concern since the first noise barrier was built in 
1963. In 1976, the FHWA developed the original ''Noise Barrier Design Handbook" to aid State Highway 
Agencies in solving the problem of highway traffic noise. However, the Handbook was written over two 
decades ago. Since then, substantial advancements in the methodology and technology of barrier design have 
occurred in concept, design, and technique. Increased community and motorist interest has fueled the push 
to provide better, less expensive, and more environmentally friendly barrier designs. 

Increased community and motorist concerns have also fueled the push to improve noise measurement and 
modeling technologies which aid State transportation agencies in determining which communities need noise 
abatement. One such tool is the FHWA's recendy released highway traffic noise prediction model: the 
FHWA Traffic Noise Model (FWHA TN1f®).4,s,6,7 The FHWA TNM is an entirely-new, state-of-the-art 
computer program used for predicting noise impacts in the vicinity of highways. It uses advances in personal 
computer hardware and software to improve upon the accuracy and ease of modeling highway traffic noise, 
including the design of effective, cost-efficient highway noise barriers. 

1.2 Objectives 
The objectives of this document and accompanying video and CD-ROM are to provide: (1) guidelines on 
. how to design a highway noise barrier that fits with its surroundings and performs its intended acoustical and 
structural functions at reasonable life-cycle cost; and (2) a state-of-the-art reference of common concepts, 
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designs, materials, and installation techniques for the professional highway engineer, the noise barrier 
designer, and the non-professional community participant. This handbook may also be used as a guide for 
other applications such as noise barriers used to attenuate noise from rail lines, as well as noise from other 
sources which are not necessarily found in transportation. Every effort has been made to address Common 
designs, materials, and installation techniques. However, it is impossible to encompass the proliferation of 
new concepts and materials entering the market on a daily basis. Therefore, the specific descriptions in this 
handbook are not to be considered all-inclusive, and are not intended to limit the creativeness of the 
designer, manufacturer, and construction contractor. Any new theory, design, material, or installation 
technique not addressed in this handbook should be evaluated with the general fundamentals of durability, 
safety, and functionality in mind. 
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2. TERMINOLOGY 

'Ibis section presents pertinent terminology used throughout the document. These terms are highlighted 
with boldface type when they first appear in subsequent sections. Note: Definitions are generally consistent 
with those of References 8 through 12. 

A-WEIGHTING: The weighting network used to account for changes in level sensitivity as a function of 
frequency. The A-weighting network de-emphasizes the high (6.3 kHz and above) and low (below 1 kHz) 
frequencies, and emphasizes the frequencies between 1 kHz and 6.3 kHz, in an effort to simulate the relative 
response of the human ear. See also frequency weighting. 

ACOUSTIC ENERGY: Commonly referred to as the mean-square sound-pressure ratio, sound energy, or 

just plain energy, acoustic energy is the square of the ratio of the mean-square sound pressure (often 

frequency weighted), and the reference mean-square sound pressure of 20 /-lPa, the threshold of human 
hearing. It is arithmetically equivalent to lO(SPL/IOl, where SPL is the sound pressure level, expressed in 

decibels. 

AMBIENT NOISE: All-encompassing sound that is associated with a given environment, usually a 
composite of sounds from many sources near and far. 

AMPLITUDE: The maximum value of a sinusoidal quantity measured from peak to peak. 

ANCHOR: A bolt, stud, or reinforcing bar embedded in concrete. 

ARTIFICIAL NOISE SOURCE: An acoustical source that is controlled in position and calibrated as to 
output power, spectral content, and directivity. 

BACKER ROD: Flexible foam polyethylene rope manufactured in various diameters and suitable for use as 
seals and joint fillers. 

BACKFILL: The envelope of engineered soil, excluding the bedding, placed around the footing or 
foundation of a structure in a controlled manner. 

BACKGROUND NOISE: All-encompassing sound of a given environment without the sound source of 
interest. 

BAY: The area between two posts in a noise barrier system. 'Ibis area can contain full height or stacked 
panels, cast-in-place panels, or other types of assembled panel components. 

BEDDING: The prepared portion of the engineered soil on which the footing or foundation of a structure is 

placed. 

BRIDGE: A structure which provides a roadway, or walkway, for the passage of vehicles and pedestrians 
across an obstruction, gap, water course, or facility and which is typically greater than 3 m (10 ft) in span. 

3 
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CAISSON: A wood, metal, or concrete casing sunk or constructed below ground or water level. 

CHECK (WOOD): A separation of the wood along the grain, the greater part of which occurs across the 
rings of annual growth. 

COATING HOLIDAY: Unwanted breaks or interruptions in coating integrity. 

COMMUNITY NOISE EQUIVALENT LEVEL (CNEL, denoted by the symbol, Lden): A 24-hour 
time-averaged LAE (see definition on Page 12), adjusted for average-day sound source operations. In the case 
of highway traffic noise, a single operation is equivalent to a single vehicle pass-by. The adjustment includes 
a 5-dB penalty for vehicle pass-bys occurring between 1900 and 2200 hours, local time, and a 10-dB penalty 
for those occurring between 2200 and 0700 hours, local time. The Lden noise descriptor is used primarily in 
the State of California. Lden is computed as follows:' 

where: 

Lden = LAE + 10*10glo(Nchy + 3*Neve + 10*NnighJ - 49.4 

Sound exposure level in dB (see definition on Page 12); 
Number of vehicle pass-bys between 0700 and 1900 hours, local time; 
Number of vehicle pass-bys between 1900 and 2200 hours, local time; 
= Number of vehicle pass-bys between 2200 and 0700 hours, local time; and 

(dB) 

LAE = 
Nchy= 

Neve = 
Nnight 
49.4= A normalization constant which spreads the acoustic energy associated with highway vehicle pass

bys over a 24-hour period, i.e., 10*10glO(86,400 seconds per day) = 49.4 dB. 

COMPACTION: The process of soil densification, at a specified moisture content, due to application of 
loads through rolling, kneading, tamping, rodding, or vibratory actions of mechanical or manual equipment. 

CONCRETE COVER: The least distance between the 
surface of the reinforcing bar, mesh, wire, strands or 
post tensioning ducts, and the surface of the concrete. 

CONTINUOUS FOOTINGS: A reinforced concrete 
beam running the entire length of the noise barrier 
panels set on, or just below, the ground line (see Figure 
1). These footings are designed to support and evenly 
distribute the dead load of the entire length of each 
noise barrier section or panel. 

Continuous FO\ 
......... 

Figure 1. Example of continuous 
footing. 

In accordance with the technical definition, a 5-dB penalty is added to evening operations when computing the Ldcn noise 
metric. The 5-dB penalty, expressed in terms of a weighting factor, is equivalent to 3.16 not 3. However, in Title 21 
Subchapter 6, 5001 of California state law, a factor of 3 is used. Since the State of California is the primary user of the Ldcn 
metric, the computation of the metric is consistent with state law, rather than the traditional technical definition. 
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